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Proteins can carry out their functions in more than one cellular compartment. Often a switch in protein function
coincides with movement from one organelle to another, but sometimes even a small change in localization
within an organelle has marked downstream effects. This issue’s Cell Biology Select explores the regulation
of proteins that lead a double life depending on their location in the cell.
The Secret Life of an ER Ubiquitin Ligase
How does an E3 ligase located in the endoplasmic reticulum (ER) attach ubiquitin to substrates
that reside in the nucleus? According to Deng and Hochstrasser (2006) this is a trick question—
it doesn’t. Instead, the ligase goes to the nucleus to reconnoiter with its nuclear substrates and
target them for degradation. Deng and Hochstrasser closely examined the localization of
Doa10, an E3 ligase resident in the ER membrane, and found that some fraction of it is also in-
corporated in the inner nuclear membrane. They then showed that if Doa10 is fused with a pro-
tein domain that attaches it to the cell cortex its nuclear substrates are no longer degraded.
However, this fusion protein can still promote the degradation of cytoplasmic substrates.
This finding demonstrates that the differential localization of a ubiquitin ligase between the
ER and nuclear membranes is one factor that determines its substrate specificity. The inner nu-
clear membrane is continuous with the outer nuclear membrane (and ER) but is separated by
the nuclear pore complex, which acts as a gatekeeper for macromolecules. The authors found
that two components of the pore, the nucleoporins Pom152 and Nup188, facilitate the trans-
port of Doa10 to the nucleus. Future efforts may determine the mechanism by which this occurs
and should establish the specific features of E3 ligases that exclude some from the inner nu-
clear membrane while allowing others to pass.
M. Deng and M. Hochstrasser (2006). Nature 443, 827–831.
Nuclear Pore Proteins Led to ELYSian Fields
During prometaphase of the cell cycle in animal cells the nuclear envelope breaks
down in preparation for mitosis. During this event a subunit of the nuclear pore, the
Nup107-160 complex, transits to the kinetochores, suggesting that the complex
may have a function in chromosome segregation. Rasala et al. (2006) now report
the identification of a human protein, called ELYS (embryonic large molecule derived
from yolk sac), that binds to the Nup107-160 complex. ELYS associates with the nu-
clear pore during interphase and colocalizes with the kinetochore during mitosis.
Knockdown of ELYS using RNAi disrupts formation of the nuclear pore, as evidenced
by the failure of numerous nuclear pore proteins to assemble at the nuclear envelope.
Indeed, the recruitment of ELYS appears to be one of the early steps in pore forma-
tion. The loss of ELYS also leads to defects in cell division, characterized by an in-
creased incidence of midbody microtubules and a reduction in the recruitment of
Nup133 to the kinetochore. Interestingly, ELYS was initially reported to be a putative
transcription factor. The authors suggest that if ELYS does bind to DNA it could use
this property to recruit other pore proteins to chromatin during mitosis and to sites of
new pores during the reestablishment of the nuclear envelope after mitosis.
B.A. Rasala et al. (2006). Proc. Natl. Acad. Sci. USA 103, 17801–17806.
Bax and Bak Make and Break Mitochondria
During apoptosis activation of the Bcl-2 proteins Bax and Bak leads to the permeabilization of the outer mitochon-
drial membrane and release of cytochrome c. However, little is known about their function in healthy cells. Karbowski
et al. (2006) studied the mitochondria in mouse cell lines lacking expression of both Bax and Bak. Unlike mitochon-
dria from wild-type cells, which have an elongated tubular structure, mitochondria lacking Bax and Bak are fre-
quently short and fragmented. Reasoning that this might indicate a role for Bax and Bak in mitochondrial fusion,
the authors explored whether loss of Bax and Bak regulates the activity of mitochondrial proteins involved in mor-
phogenesis. They found that in the absence of Bax and Bak, Mitofusin2 (Mfn2), a protein critical in mitochondrial fu-
sion events, had an altered subcellular distribution. In contrast, the localization of the fission proteins Drp1 and Fis1
remained the same. In wild-type cells Mfn2 is concentrated in the outer mitochondrial membrane at sites of fusion
and fission. Yet when Bax and Bak are absent, fewer Mfn2 foci are observed and Mfn2 is distributed more evenly.
The authors then show that Bax and Bak promote the formation of Mfn2 foci by limiting the mobility of Mfn2 in the
outer mitochondrial membrane. During apoptosis, Bax and Bak adopt a different conformation than that found in
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nonapoptotic cells. Karbowski et al. speculate that this change may inhibit the ability of Bax and Bak to promote
mitochondrial fusion, tilting the morphogenetic balance towards fission. This could lead to mitochondrial fragmen-
tation, a characteristic feature of apoptotic cells, and may accelerate the changes leading to release of cytochrome c
and subsequent activation of the apoptotic caspase cascade.
M. Karbowski et al. (2006). Nature 443, 658–662.
JNK and ERK Go Their Separate Ways
In the thymus, antigen-presenting cells present self-peptides to immature T cells. If the T cell interaction with pep-
tides is too strong, negative selection occurs preventing self-reactive T cell from reaching maturity. In contrast, if the
interaction with peptides is too weak, cells die for lack of trophic signals. Positive selection (T cell maturation) occurs
between these two extremes. Daniels et al. (2006) now explore the boundary between positive and negative selec-
tion to determine how subtle changes in affinity might lead to an all or none binary decision. By making variants of
a chicken ovalbumin peptide they created a battery of peptides with affinities for the T cell receptor (TCR) that
narrowly span the threshold between positive and negative selection for mouse T cells. Remarkably, they discovered
that a change in the localization of components of the Ras/MAPK cascade predicts the outcome of positive versus
negative selection. In the initial stages of positive selection, many of these signaling proteins converge at the Golgi,
whereas in negative selection they localize at the plasma membrane. In both cases, the Ras/MAPK pathway is
activated but with different kinetics that may reflect their distinct locations. For instance, ERK phosphorylation peaks
rapidly following exposure to a peptide that induces negative selection. In contrast, peptides that stimulate positive
selection result in a sustained increase in ERK phosphorylation. Previous work has shown that JNK and ERK have
competing roles in T cell selection. The authors show that although JNK is phosphorylated as a result of both positive
and negative selectors, it only colocalizes with ERK during positive selection. Thus, the authors propose that the
separation of JNK and ERK may allow JNK to stimulate negative selection.
M.A. Daniels et al. (2006). Nature. Published online November 1, 2006. 10.1038/nature05269.
A Virus Sentences Arp2/3 to Forced Labor
Many microbial pathogens disrupt or co-opt the actin cytoskeleton as part of
their life cycle in the host. Although most of the dysregulation of actin takes
place in the cytoplasm, actin accumulation in the nucleus has been observed
during infection of insect cells by baculovirus. Goley et al. (2006) now report
that a baculovirus protein, p78/83, is required for the polymerization of actin
in the nucleus of infected cells from the moth Trichoplusia ni. The p78/83 pro-
tein is homologous to the host protein WASP (mutated in the Wiskott-Aldrich
syndrome), which activates Arp2/3 stimulating polymerization of actin
filaments in the cytoplasm. Here, Goley et al. show that p78/83 also stimu-
lates actin polymerization by activating Arp2/3, which has moved to the
nucleus following infection. Mutations in p78/83 impede the accumulation
of polymerized actin and disrupt virion organization. Their findings indicate
that nuclear actin may have a role in nucleocapsid morphogenesis and in
membrane-nucleocapsid interactions during virion assembly. Interestingly,
Goley et al. show that the nuclear localization of both viral p78/83 and
host Arp2/3 requires the expression of other as yet unknown viral proteins.
Identifying which viral proteins stimulate the translocation of p78/83 and Arp2/3 to the nucleus may yield further
insights into the regulation of nuclear actin not only in virally infected cells but in uninfected cells as well.
E.D. Goley et al. (2006). Science 314, 464–467.
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